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Contribution of chloride to the inhibition of plasma renin by
sodium chloride in the rat. To evaluate the role of chloride in the
inhibition of renin by sodium chloride, plasma renin activity (PRA)
was measured in sodium chloride-deprived rats after dietary-load-
ing with several sodium salts and choline chloride. In each experi-
ment, three groups of eight Sprague Dawley rats were pair-fed a
low sodium chloride diet for one week. During the second week,
one group remained on this diet, a second group was given a
sodium or choline salt (0.15 M or 0.075 M) other than sodium
chloride in place of drinking water, and a third group received an
equivalent amount of sodium chloride. Plasma volume (deter-
mined by measurement of 1251-albumin), plasma creatinine, and
cumulative sodium and potassium balances of animals loaded with
sodium chloride and an additional sodium salt did not differ (P>
0.05). PRA of animals loaded with sodium acetate, sodium nitrate,
and sodium thiocyanate did not differ from that of sodium chlo-
ride-deprived controls (P > 0.05), whereas PRA was inhibited by
sodium chloride and sodium bromide (P < 0.05). Although net
sodium balance of choline chloride and choline bicarbonate-loaded
animals did not differ from that of sodium chloride-deprived con-
trols (P> 0.05), choline chloride-loading inhibited PRA to an even
greater extent (P < 0.05) than sodium chloride. PRA was not
inhibited by choline bicarbonate (P > 0.05). These results suggest
a role for chloride in regulating the renin responses to sodium-
loading in the rat.
Contribution du chiore a l'inhibition de Ia refine plasmatique
par chiorure de sodium chez le rat. Pour évaluer le role du chlore
dans l'inhibition de la rénine par le chlorure de sodium, l'activité
rénine plasmatique (PRA) a été mesurée chez des rats privés de
chlorure de sodium aprCs une charge alimentaire en divers sels de
sodium et chlorure de choline. Dans cheque experience trois
groupes de huit rats Sprague-Dawley ont recu en parallèle une
alimentation pauvre en chlorure de sodium pendant une semaine.
Pendant la deuxième semaine un groupe a continue a recevoir la
mCme alimentation, un deuxieme groupe a recu un sel de sodium
ou de choline (0,15 M ou 0,075 M), autre que chiorure de sodium a
la place d'eau de boisson et le troisième a recu une quantité
equivalente de chlorure de sodium. Le volume plasmatique (albu-
mine 1251), Ia créatinine plasmatique, et les bilans cumulatifs de
sodium et de potassium des animaux charges en chlorure de
sodium ou un autre sel de sodium ne sont pas différents (P > 0,05).
La PRA des animaux charges en acetate de sodium, nitrate de
sodium, thiocyanate de sodium, ne diflre pas de celle des ani-
maux contrôles prives de chlorure de sodium (P < 0,05) alors que
la PRA est inhibCe par le chlorure de sodium et le bromure de
sodium. Bien que le bilan du sodium des animaux charges en
chlorure de choline et bicarbonate de choline ne diftère pas de
celui des animaux contrôles privés de chlorure de sodium (P >
0,05), la charge de chlorure de choline inhibe la PRA avec une
amplitude plus grande (P < 0,05) que celle observée avec le
chlorure de sodium. La PRA n'est pas inhibée par le bicarbonate
de choline. Ces résultats suggérent un role du chore dans la
regulation des réponses de la rénine a la charge de sodium chez le
rat.
Sodium chloride [1], potassium chloride [1—41,
calcium chloride [5, 6], and hydrochloric acid [7]
inhibit renin release, unrelated to changes in system-
ic arterial pressure, renal blood flow, or glomerular
ifitration rate. Kisch, Diuhy, and Williams [81 have
recently reported that ammonium chloride also sup-
presses plasma renin activity (PRA) in normal human
subjects. In the rat, we have demonstrated that acute
and chronic sodium bicarbonate and chronic potas-
sium bicarbonate-loading do not inhibit remn [91,
suggesting that chloride may contribute to the regula-
tion of renin by sodium and potassium. When com-
paring animals acutely expanded with sodium chlo-
ride and sodium bicarbonate, both chloride delivery
out of the proximal tubule and urinary chloride
excretion have been greater alter expansion with
sodium chloride. These results are consistent with
the hypothesis that inhibition of ream by sodium
chloride may be related to an effect of chloride at the
macula densa. To further evaluate the role of chlo-
ride on renin release, in the present experiments, we
have compared the effects in the rat of chronic die-
tary-loading with several sodium salts, choline bicar-
bonate, and choline chloride on the renin responses
to sodium chloride deprivation.
Methods
The basic design of all experiments was similar. In
each experiment, 24 male Sprague Dawley rats were
maintained in individual metabolic cages on a low
sodium chloride diet (0 to 1.0 Eq of sodium, 2.0
pEq of chloride per g of diet) for two weeks. Mean
starting weights of all groups of rats ranged from 285
to 315 g. Potassium content of the diet (determined
by nitric acid extraction) varied from 254 EqIg to
387 itEqIg. Animals were given deionized water to
drink during the first week. At the end of this week,
the animals were divided into three groups. Within
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each experiment, mean starting weights of the three
groups did not differ from each other. One group
continued to drink deionized water, a second group
was given either a sodium salt other than sodium
chloride or a choline salt to drink, and the third group
was maintained on sodium chloride. Depending on
the capacity of the animals to tolerate a more con-
centrated solution, either 0.15 M or 0.075 M sodium
or choline salts were used; within each experiment
the molarity of sodium chloride was equivalent to
that of the other sodium or choline salt.
To assure similar dietary intake among groups,
during the second week, animals were given food
and drink according to a pair-feeding protocol in
which the animals drinking the salt other than
sodium chloride were fed one day in advance of the
other two groups. Water bottles were arranged so
that any drips were collected with urine, which was
separated from feces by screens, collected under
mineral oil, and preserved with thymol. Daily potas-
sium, sodium, and chloride balances were calculated
by subtracting urinary excretion from dietary intake.
At the end of the second week, animals were decapi-
tated, and blood was collected for the measurement
of plasma renin activity (PRA). Identical loading
experiments were carried out in separate groups of
animals for the measurement of blood volume, arteri-
al blood gases, plasma creatinine concentration, and
plasma sodium, potassium, and chloride concentra-
tions. In these animals, blood samples were obtained
by aortic puncture after the administration of mactin
anesthesia (100 mg/kg of body wt) (Promonta Gmbh,
Hamburg, West Germany).
In all experiments, plasma and urine sodium and
potassium concentrations were measured with a
flame photometer (International Laboratories). Plas-
ma creatinine concentration was measured by the
method of Kennedy, Hilton, and Berliner 1110]. Ser-
um and urinary halide (and thiocyanate) were mea-
sured with a chloridimeter (Buchier Instruments
Division, Nuclear Chicago Corp., Ft. Lee, N.J.).
(Chloride, bromide, iodide, and thiocyanate are
amperometrically indistinguishable 111]). A blood
gas analyzer (International Laboratories) was used
to measure pH and Pco2; plasma bicarbonate was
calculated with a nomogram (Siggaard Anderson).
Plasma volume was measured with 1251-albumin;
adjustment was made for plasma trapping 1112].
PRA was measured in quadruplicate with the
radioimmunoassay procedure of Haber et al [131,
validated in our laboratory by bioassay [14]. The
enzyme responsible for the conversion of angioten-
sin Ito angiotensin II is chloride dependent [151, and
in our assay for PRA, angiotensin I is measured.
Consequently, it might be argued that lower PRA in
sodium chloride-loaded animals may reflect in vitro
conversion of angiotensin I to angiotensin II. How-
ever, 8-hydroxy quinoline and dimercaprol were
added to the incubations to inhibit converting
enzyme activity. To demonstrate inhibition of con-
verting enzyme, standard angiotensin I was added to
the plasma of sodium chloride-deprived rats and to
the plasma of sodium chloride-loaded and sodium
bicarbonate-loaded animals (N = 8/group). The re-
coveries of angiotensin did not differ among the three
groups (P > 0.4), indicating that different renin ac-
tivities do not reflect differences of in vitro convert-
ing enzyme activity.
For determination of statistical significance among
three groups of animals, when the variances for the
three-group comparisons were similar, analysis of
variance was used. Because analysis of variance
requires similar group variances, for several three-
group comparisons with dissimilar group variances,
statistical significance was computed with the Wil-
coxsan Rank Sign Test. Student's t test was used for
comparisons between two groups. If P 0.05, in the
text, group differences were reported as being not
statistically significant.
Results
Within each experiment, compared to sodium
chloride-deprived controls, sodium chloride-loading
(0.15 M or 0.075 M) was associated with a significant-
ly greater weight gain, greater positive sodium and
chloride balances, and suppression of PRA (Table 1).
By contrast, despite net positive sodium and potas-
sium balances that did not differ from pair-fed
sodium chloride-loaded animals, sodium acetate,
sodium nitrate, and sodium thiocyanate failed to
inhibit renin, compared to that of sodium chloride-
deprived controls. Plasma volumes of sodium ace-
tate- and sodium nitrate-loaded animals also did not
differ from that in sodium chloride-loaded animals
(Table 2). Chloride balance in animals drinking
sodium acetate and sodium nitrate was negative.
(The apparent positive "chloride" balance in thiocy-
anate-loaded animals presumably reflects the effect
of thiocyanate administration.) In a preliminary
report, using an identical experimental design, we
have recently demonstrated that sodium iodide-load-
ing also did not inhibit renin [16]. Compared to
respective values in sodium chloride-loaded animals,
failure of these sodium salts to inhibit renin could not
be accounted for by differences of plasma sodium
concentration, renal function (as estimated by plas-
ma creatinine concentration), or plasma volume (Ta-
bles 1, 2, and 3). Compared to that of sodium chlo-
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Table 1. Comparison of mean (± saM) electrolyte balance, plasma creatinine, and plasma renin activity in sodium chloride-loaded animals,
animals loaded with another sodium or choline salt, and sodium chloride-deprived animals
Plasma
Sodium Potassium Chloride Plasma
Wt gain balance balance balance creatinine
g mEqI7 days mEqI7 days mEqI7 days mgldl
renin
activity
nglmllhr
Experiment 1
Sodium acetate, 0.15 M 0.6 3 12.0 l.l 15.4 0.8 —0.4 0.08a 0.7 0.04 11.9 1.7°
Sodium chloride, 0.15 M 13 2" 8.1 0.6" 17.3 0.9" 6.7 05b 0.5 0.04 4.1 0.1
Water —8 3 —0.2 0.04 13.8 0.6 0.02 0.03 0.6 0.04 16.2 1.8'
Experiment 2
Sodium nitrate, 0.15 M 3 2' 6.8 0.4" 4.6 0.7 —0.5 0.07a 1.0 0.05 18.9 3.1°
Sodium chloride, 0.15 M 12 3 6.8 Ø3b 5.8 0.5 7.0 0.3" 1.0 0.08 6.2 0.9
Water —5 3' —0.1 0.03 6.6 0.4 0.1 0.02 1.0 0.03 19.1 1.8°
Experiment 3
Sodium thiocyanate, 0.075 M 5 2 4.0 0.P 11.9 0.7" 2.9 0,1b,d 0.9 0.04 17.1 + 1.20
Sodium chloride, 0.075 ai 9 2 3.6 Ø3b 9.6 0.3 3.2 03b 0.9 0.04 3.8 0.5
Water 3 2 0.01 0.02 9.0 0.4 0.01 0.01 — 18.8 1.90
Experiment 4
Sodium bromide, 0.075 M 9 2" 3.8 0.2" 8.0 0.8 3.9 O.l"' 0.9 0.08 6.7 1.0"
Sodium chloride, 0.075 M 15 4" 3.7 0.1" 6.9 0.6 4.0 0.2" 0.8 0.04 12.9 1.7"
Water —8 2 —0.02 .01 5.8 0.6 0.06 0.02 1.0 0.07 32.5 4.8
Experiment 5
Choline chloride, 0.075 M 16 P —0.1 0.020 23.7 0.4" 3.8 0.2" 0.9 0.03 0.4 0.1"
Sodium chloride, 0.075 M 12 1" 3.4 0.2 19.9 0.6 3.6 0.2" 1.0 0.02 5.8 0.5"
Water 3 1 —0.1 0.010 19.1 0.5 0.07 0.02 1.0 0.02 14.4 2.6
Experiment 6
Choline bicarbonate, 0.075 M —1 3 —0.1 0.03° 6.7 0. 0.01 0.010 1.1 o.ola 18.5 2.6"
Sodium chloride, 0.075 M 6 4" 2.8 0.2 4.8 0.5 2.9 0.2 0.9 0.05 5.4 1.3
Water —6 2 —0.1 0.020 4.4 0.4 0.01 0.02° 0.9 0.05 15.2 2.30
a Signfficantly different from animals drinking sodium chloride and water.
b Significantly different from animals drinking water.
Significantly different from animals drinking sodium chloride.
d Thiocyanate and bromide were measured.
Table 2. Mean (± SaM) plasma volumes in animals loaded with 0.15 M sodium salts and 0.075 M
sodium or choline salts
0.15 M salts 0.075 at salts
Sodium Sodium Sodium Sodium Sodium Choline
Plasma volume chloride acetate nitrate chloride iodide chloride
ml
ml/l00 g of body wt
11.7 0.4
3.82 0.10
11.6 0.4
3.78 0.10
11.6 0.3
3.66 0.07
12.3 0.3 12.4 0.4 12.9 0.4
3.66 0.09 3.97 0.13 3.96 0.11
Table 3. Mean (± SEM) plasma electrolyte concentrations and arterial pH in sodium chloride-loaded animals, animals loaded with another
sodium salt, and sodium chloride-deprived animals
Sodium Potassium Chloride Pco, Bicarbonate
mEqiliter mEqiliter mEqiliter pH mm Hg mEqiiter
Sodium chloride 144 0.1 3.8 0.1 109 1 7.39 0.02 37 2 23 1
Low sodium chloride 149 l.Oa 3.9 0.1 110 4 7.36 0.01 31 3 17 2"
Sodium acetate 143 0.7 3.8 0.2 7.44 0.02 37 2 26 2
Sodium nitrate 142 0.3 3.1 O.l — 7.45 0.02°' 41 2 28 2"
Sodium thiocyanate 145 0.8 2.7 O.l 99 P 7.45 0.02" 35 3 24 1
Sodium iodide 147 1.9 3.5 O.P 102 2 7.50 0.01" 35 1 27 ia
Sodium bromide 146 1.6 3.9 0.2 108 1 7.36 0.04 37 9 24 1
a Significantly different from sodium chloride-loaded animals.
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ride-loaded animals, arterial pH of rats loaded with
sodium nitrate, sodium thiocyanate, and sodium io-
dide was elevated and plasma potassium was de-
creased, although net cumulative potassium balance
did not differ. Sodium acetate, however, also failed
to inhibit PRA, and both arterial pH and plasma
potassium did not differ significantly from respective
values in sodium chloride-loaded animals. Arterial
pH and plasma potassium concentration of sodium
chloride-deprived and sodium chloride-loaded ani-
mals also did not differ, indicating that inhibition of
renin by sodium chloride is not related to differences
of acid-base balance or potassium.
In contrast to the above experiments, 0.075 M
sodium bromide did significantly inhibit PRA, com-
pared to that in sodium chloride-deprived controls (P
<0.005); PRA in animals drinking sodium bromide
and sodium chloride did not differ (Table 1). Net
sodium and potassium balances, and plasma creati-
nine, sodium, and potassium concentrations, and
arterial pH in both groups of sodium-loaded animals
also did not differ (Tables 1 and 3). Halide balance of
sodium bromide-loaded rats was positive and not
different from that of pair-fed sodium chloride-
loaded animals. The specificity of the bromide effect,
however, is highlighted by similarly positive "hal-
ide" balances after sodium thiocyanate and sodium
iodide-loading, but in these instances without
suppression of PRA.
To further evaluate the effect of chloride on the
inhibition of PRA by sodium chloride and to disso-
ciate the effect of chloride from sodium, animals
were loaded with 0.075 M choline chloride. In an
additional experiment, the renin response to 0.075 M
choline bicarbonate-loading was also measured to
control for any effect of choline-loading per se.
Despite a sodium balance which was negative and
not different from that of sodium chloride-deprived
animals in both choline chloride and choline bicar-
bonate-drinking rats, choline chloride inhibited PRA
to an even greater extent than sodium chloride; PRA
was not inhibited by choline bicarbonate (Table 1).
Chloride balance after choline chloride-loading was
positive and not different from that after sodium
chloride-loading, but was negative after choline
bicarbonate-loading. Plasma creatinine, sodium, and
potassium concentrations, arterial pH, and plasma
volumes of animals drinking choline chloride and
sodium chloride did not differ (Tables 2 and 4). In
both choline-loaded groups, potassium balance was
more positive than in pair-fed sodium chloride-load-
ed animals, and plasma potassium concentration of
choline bicarbonate-loaded animals was decreased.
Discussion
We have previously reported that, unlike sodium
chloride, sodium bicarbonate and sodium iodide-
loading do not inhibit PRA in the sodium-deprived
rat [9, 16]. In the present experiments, these prelimi-
nary observations were extended and demonstrate
that in the sodium chloride-deprived rat, PRA was
also not inhibited by dietary-loading with sodium
acetate, sodium nitrate, or sodium thiocyanate. Simi-
lar to sodium chloride, PRA was inhibited by sodium
bromide. Despite sodium deprivation and negative
sodium balance, PRA was inhibited to an even great-
er extent by choline chloride than by sodium chlo-
ride; however, PRA was not inhibited by choline
bicarbonate-loading. These experiments emphasize
the crucial role of chloride in the suppression of renin
by sodium-loading.
It is unlikely that failure of sodium salts other than
sodium chloride and sodium bromide to inhibit renin
reflects differences of volume expansion. Plasma
volumes of animals loaded with sodium acetate,
sodium nitrate, and sodium iodide did not differ from
that of sodium chloride-drinking animals, and we
have previously reported that plasma volumes of
sodium bicarbonate and sodium chloride-loaded rats
do not differ [17]. Mean weight gain did tend to be
slightly greater in groups of animals loaded with salts
that suppress renin. Within each experiment, how-
ever, comparison of weight gain in sodium chloride-
loaded animals with that of animals loaded with
another sodium or choline salt shows that differences
were small, ranging from 1.3% to 4.1% of total body
weight. Furthermore, weight gain of animals loaded
with two salts that failed to suppress renin (sodium
thiocyanate and choline bicarbonate) did not differ
significantly from that of sodium chloride-loaded ani-
Table 4. Mean (± SEM)plasma electmlyte concentrations and arterial pH in choline bicarbonate-loaded animals, choline chloride-loaded
animals, and sodium chloride-loaded animals
Sodium
mEq/liter
Potassium
mEqiliter
Chloride
mEq/liter pH
Pco2
mm Hg
Bicarbonate
mEqiliter
Choline bicarbonate 142 0.6 3.4 0.la 94 l 7.42 O.01 34 2 23 1
Choline chloride 143 0.4 4.1 0.1 99 0.4 7.33 0.01 33 1 18 1
Sodium chloride 145 0.3 3.8 0.2 100 0.9 7.33 0.01 36 2 18 1
a Significantly different from choline chloride- and sodium chloride-drinking animals.
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mals. In addition, each experiment was conducted
according to a pair-feeding and pair-drinking proto-
col, and net sodium balances of animals loaded with
sodium chloride or with another sodium salt were
signfficantly positive and did not differ from each
other. PRAwas inhibited by choline chloride but not
by choline bicarbonate-loading, despite an identical
negative sodium balance in both groups. Conse-
quently, despite the slightly greater weight gain in
animals with suppressed renin, it is unlikely that
failure of sodium bicarbonate, sodium iodide, so-
dium acetate, sodium nitrate, sodium thiocyanate,
and choline bicarbonate to inhibit renin can be attrib-
uted to a contracted plasma volume.
Compared to animals receiving sodium chloride or
sodium bromide, a slight metabolic alkalosis was
noted in rats receiving sodium with another anion.
We have previously described a metabolic alkalosis
in rats ingesting unreabsorbable anion [181. It is
unlikely, however, that failure to suppress renin is
related to the higher arterial pH, since sodium chlo-
ride-deprived rats have a somewhat lower pH and a
higher PRA than sodium chloride-loaded rats. The
lower plasma potassium concentration in the rats
with the higher pH is probably related to a pH-
induced shift into cells, since external cumulative
potassium balance was not different between groups.
Although renin release is inhibited by potassium
chloride-loading and stimulated by potassium deple-
tion [1—4, 9, 191, it is also unlikely that failure of
these sodium salts to inhibit PRA is related to potas-
sium balance. The effect of potassium on remn
release is more prominent in sodium chloride-
deprived animals, and Sealey et al have reported that
on a high sodium intake, dietary manipulation of
potassium has little if any effect on plasma renin in
the rat [191. We have reported previously that potas-
sium balance and plasma potassium concentration of
animals chronically loaded with sodium bicarbonate
were less than respective values of sodium chloride-
drinking animals [9]. PRA of rats acutely volume-
expanded with sodium chloride, however, was lower
than that of animals expanded with sodium bicarbon-
ate, although plasma potassium concentrations did
not differ [91. Further, although we have shown that
renin was inhibited by potassium chloride, chronic
loading with potassium bicarbonate did not inhibit
PRA [9], suggesting that the inhibition of renin by
potassium chloride may be related to chloride and
not to potassium. In the present experiments, com-
pared to that of pair-fed sodium chloride-loaded ani-
mals, net positive potassium balances of sodium ace-
tate, sodium nitrate, sodium thiocyanate, sodium
iodide, and sodium bromide-loaded animals did not
differ. In addition, plasma potassium concentrations
of sodium chloride, sodium iodide, and sodium bro-
mide-loaded animals and sodium chloride-deprived
animals also did not differ. Taken together, these
results suggest that inhibition of PRA by sodium
chloride and sodium bromide or the failure of other
sodium salts to inhibit renin cannot be accounted for
by differences in potassium balance or plasma potas-
sium concentration.
Although it might be argued that sodium thiocya-
nate-loading failed to inhibit renin because thiocya-
nate is a vasodilator and hence may stimulate renin
release, this is not true for other salts which also
failed to inhibit renin. Indeed, it has been reported
recently that infusion of sodium acetate into the renal
artery of the dog does not cause renal vasodilatation
and does not affect systemic arterial pressure, gb-
merular filtration rate, or renal blood flow [20].
In the present experiments, despite a slightly nega-
tive sodium balance that did not differ from that of
sodium chloride-deprived controls, choline chloride
inhibited renin to an even greater extent than did
sodium chloride. Plasma volume of choline chloride-
and sodium chloride-loaded animals did not differ.
Renin was not inhibited by choline bicarbonate, indi-
cating that inhibition by choline chloride cannot be
attributed to an effect of choline. If choline is filtered
to an appreciable extent, it is possible that greater
suppression of PRA by choline chloride than by
sodium chloride, despite negative sodium balance
during choline chloride-loading, reflects relative
luminal impermeability of the proximal tubule to
choline [21]. This would result in the delivery of
more chloride-containing glomerular filtrate down-
stream to the macula densa. Alternatively, potas-
sium balance of choline chloride-loaded rats was
greater than respective values in sodium chloride-
loaded animals. The more positive potassium bal-
ance may reflect decreased potassium secretion in
the distal nephron in the presence of sodium depriva-
tion and chloride excess. Although we cannot
exclude the possibility that the greater inhibition by
choline chloride-loading may be related to potas-
sium, positive potassium balance was also greater in
choline bicarbonate-loaded rats compared to that of
sodium chloride-drinking rats, and PRA was not
inhibited by choline bicarbonate-loading. In addition,
plasma potassium concentrations of choline chlo-
ride-loaded, sodium chloride-loaded, and sodium
chloride-deprived animals did not differ. Conse-
quently, it is unlikely that the effect of choline on
potassium balance accounts for the inhibition of PRA
by choline chloride.
Inhibition of PRA by choline chloride but not by
choline bicarbonate provides additional support for
the role of chloride in regulating the renin response
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to cation-loading, and this observation is consistent
with the hypothesis that inhibition of renin by so-
dium chloride may specifically be related to an effect
of chloride at the macula densa. Kisch et al have
recently reported that PRA is suppressed in sodium
chloride-deprived human subjects by i.v. infusion of
sodium chloride, calcium chloride, and ammonium
chloride, but not by magnesium sulfate 11811. In an
earlier report from the same group, in sodium-de-
pleted normal subjects, acute volume expansion with
sodium chloride resulted in a more rapid suppression
of renin than comparable expansion with either dex-
tran or 5% glucose [22]. These results might also be
interpreted as further evidence for a role for chloride
in the regulation of renin. Kisch et a! found that
sodium lactate infusion also suppressed renin [8];
however, urinary chloride excretion was not mea-
sured, and we do not feel that inhibition of PRA by
sodium lactate necessarily contradicts the chloride
hypothesis. It is possible that acute infusion of so-
dium lactate may have resulted in greater chloride
delivery to the macula densa. Alternatively, volume
expansion with sodium lactate may have inhibited
renin by a baroreceptor mechanism [231.
Although the nature of the signal perceived by the
macula densa has not been defined with certainty,
there is increasing evidence to suggest that renin
secretion may be inhibited by sodium chloride trans-
port across the macula densa, rather than by the
concentration or load of sodium delivered to the
macula densa [24—28]. There is also increasing indi-
rect evidence for active chloride transport at the
macula densa. Active chloride transport occurs both
proximal to the macula densa in the ioop of Henle
[29—31] and in the distal tubule [32], particularly the
early segment [33]. The epithelium of the macula
densa is morphologically similar to that of the thick
ascending limb in the rat and rabbit [34]. Both furo-
semide and ethacrynic acid inhibit chloride transport
in the thick ascending limb, and furosemide inhibits
renin suppression in response to saline-loading [351.
In addition, furosemide and ethacrynic acid stimu-
late renin even if urinary losses of salt and water are
replaced [25—27, 36]. These observations suggest
that chloride transport at the macula densa is active
and thus may be an important factor regulating renin
release. In the present series of experiments, renin
was also inhibited by sodium bromide. To a greater
extent than that of other halides, bromide transport
resembles that of chloride, and bromide may be
actively reabsorbed when chloride clearance is very
low [11]. Consequently, inhibition of renin by
sodium bromide may reflect an inability of the recep-
tor at the macula densa to distinguish between bro-
mide and chloride.
Impressive evidence now has accumulated dem-
onstrating that the rate of chloride (or bromide)
transport across the macula densa cells critically
influences tubulo-glomerular single nephron "feed-
back" responses 1137—39]. Thurau et a! have claimed
that this feedback occurs via activation of single-
nephron-renin by sodium chloride transport at the
macula densa [40, 41]. Our results and those of
others, however, suggest that increased sodium chlo-
ride transport at the macula densa inhibits rather
than stimulates renin release from the whole kidney
[24—28]. A possible explanation for this apparent
discrepancy is that activation of single-nephron-renin
may not reflect changes of renin secretion by the
whole kidney; indeed, increased single-juxtaglomer-
ular-apparatus-renin may reflect acute inhibition of
renin release. Nevertheless, our demonstration that
both chloride and bromide inhibit renin release and
evidence from micropuncture experiments that these
two anions also play a dominant role in regulating
tubulo-glomerular feedback suggest that these obser-
vations may be related.
Summary. We have demonstrated that chronic
loading with sodium bicarbonate, sodium acetate,
sodium nitrate, sodium thiocyanate, or sodium
iodide does not inhibit renin in the sodium chloride-
deprived rat. Renin is inhibited by choline chloride-
loading but not by choline bicarbonate-loading.
These results suggest that chloride is the principal
ion contributing to the regulation of renin. The effect
of chloride on renin may be mediated by a macula
densa mechanism.
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